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LLXAL.ILITY or PETROLEUI: COKES EY PITCI~ 

b:.L. b e l l ,  R - h .  P e t e r s o n  , 

Alcoa Research L a b o r a t o r i e s  
Z;ew I e n s i n g t o n ,  Pa .  150G1; 

I n  llGI w e l l  o v e r  a r x ; i l l i o n  t o n s  of pe t ro leum coke were u s e c  i n  
tilc Unitcc! S ta tes  i n  p a n u f a c t u r i n q  carbon and g r a p h i t e .  For  carbon 
anoc:ts i n  alLr.iriup! s n e l t i m ,  cielayeci petroleum coke mixeu w i t h  coke- 
oven p i t c h  ant; s u b s e q u e n t l y  baked h a s  Seen used almost e x c l u s i v e l y .  
i-iiile many i n v e s t i g a t i o n s  hove been made on t h e  p r o p e r t i e s  r e q u i r e u  i n  
LinLer pitci-.es f o r  carLon e l e c t r o d e s  (1) , t h e r e  are no  d a t a  o n  t h e  
c i : a r ; i c t e r i s t i c s  of cokes  o t n e r  t h a n  i m p u r i t y  c o n t e n t  anu r e a l  d e n s i t y  
t h a t  r e i a t r  t o  artoLc p r o y c r t i e s .  

; , : i c r o s t r u c t u r e s  of a v a r i e t y  of cokes  and c a r b o n s  were reporteci  
Ly ; : a r t i n  am. Sl!ea ( 2 ) .  I n  a petroleum c o k e ,  Kusakin et a l ,  1965  ( 3 1 ,  
observec1 two c i f f c r e n t  t y p e s  of p a r t i c l e s :  " s p h e r u l i t i c "  p a r t i c l e s ,  
\\.?:ici, are i s o t r n ? i c  ancl r e l a t i v e l y  non-Traphi t iz ing  , and a " s t r e a k "  
t y i w ,  wiiich i s  s o f t e r  anu T r a p h i t i z i n g .  ALranski anc Yacknwsky iiave 
tievclopec; met;ioLs. for n c a s u r i n g  i n  t h e  microscope c h a r a c t e r i s t i c  
p a r m e t e r s  f o r  cokc p o r e s  anti walls ( 4 ) .  O t h e r  coke p r o p e r t i e s  such 
a s  i i l icroporc,s i ty  , m a c r o p o r o s i t y ,  anu s u r f a c e  area have been measured. 
2heCey (5) oLtaineLi ii c o r r e l a t i o i l  between a g g r e g a t e  p o r o s i t y  anu 
Lincier reciuirement ci Soderberg  p a s t e  f o r  c o n s t a n t  f l o w a b i l i t y .  €!OW- 
e v e r ,  i n  none o f  tile work i s  a c o r r e l a t i o n  shown w i t h  Laked anode 
p r o p e r t i e s .  

h neasuremcnt  r e l a t e d  t o  p o r o s i t y  b u t  more u s e f u l  i n  assessincJ  
tile e f f e c t  of wic;.ely c i i f f e r e n t  c a l c i n c L  cokes on Soc;erberg anodes is 
t h e  " w e t t a b i l i t y "  b y  p i t c l i .  For t h e  i n v e s t i O a t i o n  r epor t e t i  h e r e ,  an 
e n : p i r i c a l  p rocccure  f o r  P e a s u r i n g  v e t t a b i l i t y  was adapted  from t h e  
e l o n g a t i c n  t e s t  usec; by  qowi tz  e t  a 1  ( 6 ) .  

Procedure 

I n  t n e  rnociifiec; e l o n n a t i o n  t e s t ,  a m i x t u r e  o f  ' 1 0 0  CJ -140 +200 
a,esh ( T y l e r )  c a l c i n c i  ccke  ana 120 9 standarci  p i t c h  ( s o f t e n i n g  p o i n t  
l lO°C,  c u b e - i n - a i r )  v a s  s t i r r e u  i n  a s m a l l  can  a t  1 6 0 ° C  for 2 0  minutes  
w i t h  a s p a t u l a .  C y l i n d r i c a l  specimens 45-50 mi lonn  anu 9 mm a i a m e t e r  
were moltied and c o o l e d .  T h e  specimens were placed on t h e  incl ineci  
b o a r c  i n  an over. a t  160OC f o r  one hour .  A f t e r  c o o l i n g ,  t h e  change i n  
l e n g t h  ( e l o n o a t i c n )  of t h e  specimen was measured anci t n e  p e r c e n t  
e l o n q a t i o n  c a l c u l a t e d .  The less a n  a g g r e q a t e  was wet by the stanciard 
p i t c h  useC i n  t h e s e  t e s t s ,  the g r e a t e r  was t h e  e l o n g a t i o n .  The in -  
c r e a s e 6  e l o n q a t i o n  was caused by t h e  p r e a t e r  amount o f  p i t c h  a v a i l a b l e  
i n  t h e  space  between coke p a r t i c l e s  because of decreaseci a b s o r p t i o n  
i r . t o  the pores .  

Real c i e n s i t i e s  were t ie terminec u s i n q  a Dvcnoneter w i t h  kerosene 
~ .- 

as  tile confii . i ing f l u i d  ( h l c o a  A n a l y t i c a l  ProceCurc 4 2 4 )  . Microporos i ty  , 
was c a l c u l a t e d  a s  l o b  t i n e s  t h e  c i i f f e rence  Letween real  c?ensi ty  and' t h e  
c i ens i ty  w i t : >  mercury a s  t h e  c o n f i n i n ?  f lu i c :  6ivic:eci t y  t h e  real  u e n s i t y .  ' 

Samples were nountec; f o r  microscopic  o!>serv-.tim ty impregnat ing 
a t  1 Y  i n .  kig vacuun w i t h  P;arac;las Type A resir. a n i  :-:ara(ilas hardener  I 

535-  ( 7 ) .  A f t e r  s t a n d i n ?  o v e r n i g h t ,  samples  were cured  a t  70°C f o r  16 
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ikours. l i l e y  were r r o u n e  succcssgve ly  on 320, 2/0 and' 4/0 g r i t  p a p e r s  
on a ? l a s s  p l a t e ,  p o l i s h e u  o n ' a . w h e e 1  w i t h  Ne tau i  6 mu (Guhler ,  L;td.), 
wi th  a1yi:a alumina, and fina1l:r w i t h  gamma alumina. - 

. F o r  p r e p a r i n g  Laked anoues,  an ' agg rega te  p a r t i c l e  s i z e  d i s t r i b u -  
t i o n  was u s r u  having  tile g r e a t e s t  d r y  bu lk  u c n s i t y  as d e t e r m i n e d - i n  a 
series of s e t t l i n g  e x p e r i F e n t s  on a v i b r a t i n ?  t a b l e .  'Cokes  G and W 
were useu  as 46 .5  p e r c e n t ' o f  t h e  t o t a l  a g g r e g a t e  i n  t h e  coarse f r a c t i o n  
w i t h o u t  c rush in? .  The s i z i n g  of coke P was t h e n  a r i ju s t ed  f o r  maximum 
d r y  bu lk  d e x s i t y  of t h e  Llenci. S i m i l a r l y ,  coke A w a s  used  i n  t h e  f i n e s ,  
as r e c e i v e d ,  anic t h e  s i z i n ?  of c o k e  P w a s  a d j u s t e d  f o r  maximum d r y  bu lk  
d e n s i t y .  AnoEes w e r e  made wi th  abou t  ,27 p e r c e n t  p i t c h  ( s o f t e n i n g  p o i n t  
105OC c u b e - i n - a i r ) .  The arnount o f  p i t c h  w a s  a d j u s t e d  so t h a t  a l l  mixes  
hac! t h e  same e l o n g a t i o n  a s  ue termined  on a spec inen  2-1/2 i n .  long  X 
1 i n .  d i a m e t e r  moldec from t h e  g reen  p a s t e .  AnoGes 3 i n .  diameter 
4 i n .  t a l l  w e r e  baked t o  ll)OO°C unde r  3.7 p s i  p r e s s u r e .  Baked a p p a r e n t  
d e n s i t y  (€AI)) anu e l e c t r i c a l  r e s i s t i v i t y  w e r e  de te rmined  on t h e  baked 
s a q l e s .  

R e s u l t s  
T>,c e lo r ina t i cn  t e s t  p rocedure  c f  Bowitz e t  a1 (6 )  , s p e c i f i e d  80 

p e r c e n t  coke p a s s i n g  th rnuqh  a 200 mesh sieve. Lack of  a lower l i m i t  
permit teci  a wide range  i n  p a r t i c l e  s i z e  and s u r f a c e  area of t h e  sample. 
I n  a d d i t i o n , . t b e  f i n e  c j r ind i rg  cou ld  d e s t r o y  much of  t n e  po re  V O l U m e .  
P r e l i m i n a r y  tests denons t r a t cd .  g r e a t e r  r e p r o d u c i b i l i t y  when u s i n g  f i v e  
f r a c t i o n s  between 100 aril 325 mesh ( T y l e r ) .  The s i z i n g  f i n a l l y  chosen, 
-140 +200 mesh, 9ave even better r e p r o 6 u c i L i l i t y .  T o  i n c r e a s e  a b i l i t y  
of t h e  test t o  d i s c r i r . i n a t e  anong cokes ,  t h e  p i t c h  c o n t e n t  w a s  in -  
creesea t o  54.5 p e r c e n t .  T y p i c a l  r e s u l t s  are shcwn i n  Tab le  1 for  t w o  
s u c c e s s i v e  mixes of coke P, wi th  1 3  'specimens molded from each  mix- and. 
t e s t e d  i n  t h e  oven, s i x  a t  a t i m e .  

T a b l e  1 

R e r r o d u c i b i l i t y  of Elonga t ion  T e s t  for Coke P 

E l o n g a t i o n ,  % 
> l l X  1 :lix 2 

T e s t  P- 
60.0 56.0 63.8 64.2 61.5 56.7 
58.1 57.6 63.2 64.0 64.3 59.3 
56.9 55.4 63.2 66.1 61.8 60.1 
53.4 54.0 60.1 61.9 59.5 62.2 
53.8 61.2 - 68.3 64.5 58.7 
61.2 58.7 - 63.7 65.8 64.7 

Average ' 57.2 57.2 62.6 64.7 62.9 60.3 
S t d .  d e v i a t i o n  3.99 2.58 1.66 2.21 2.35 2.34 
Average f o r  Mix 1 58.5% 
Average f o r  t!ix 2 62.6% 

--- -- - 

For  t h e  p a r t i c l e  s i z e  chosen, -140 +200 mesh, t h e  accessible 
p o r o s i t y  appeared  comple t e ly  f i l l ea  w i t h  p i t c h  because  i n c r e a s i n g  mix- 
i n g  t empera tu re  t o  2OOOC and 230°C d i d  n o t  change t h e  amount of 
e l o n g a t i o n .  However ,  t h e  d e g r e e  t o  which p o r e s  i n  l a r g e r  particles 
w e r e  p e n e t r a t e d  by p i t c h  was a f f e c t e d  by n i x i n g  t empera tu re .  
ample, w i t h  a t y p i c a l  anode a g g r e g a t e  (-4 mesh +pan) molded i n t o  1 - in .  

For  ex- 
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d ix i e t e r  ? - in .  ion? c y l i n d e r s  t h e r e  v a s  a narlreu iecrease i n  e l o n g a t i o n  
wi t ! i  ir.creaseci p.ixinq t e n p e r a t u r e  (FirJure 1). A t  t h e  l o w e r  mixing 
terr iperature ,  viscosit : .  o f  ti;c p i t c h  prevented  substantial p e n e t r a t i o n  I 
i n t o  t h e  rer ic te  ycres o f  t1,e l a r y c r .  p a r t i c l e s .  

I 
1 

I 'nree ca1cint:c; Celnyet l  cokes  had e l o n g a t i o n s  from 6 1  t o  227 per-  
c e n t  (TaLle ? ) ,  and t h e  c a l c i n e d  f l u i i .  coke  had a n  e l o n g a t i o n  o f  355 
i w r c e n t .  AnoCe r r o p e r t i e s ,  a s  iiLeasured by baked c iens i ty  and r e s i s t i v -  
i t y ,  v a r i e d  wi th  e l o n r a t i o n  and seemed t o  op t imize  a t  t h e .  interr;,ecliate 
v a l u e s  of  18G and 227 p e r c e n t .  Anode p r o p e r t i e s  i i c i  n o t  correlate  w i t h  
r e a l  L e n s i t y  o r  tiiz n i c r o p o r o s i t y  measurement o f  tile c a l c i n e d  cokes .  i 

Tab le  2 

P r o p e r t i e s  o f  Ca lc ine6  Cokes an6 Labora tory  Anodes I 

!!ace from I l i x t u r e s  w i t h  Coke P i n  t h e  Agqregate  I 

Coke P c; w F 

Process  Uelayeil De laye i  Delayed F l u i d  
Re 2 1 Ue n s  i t y  2.02 1.36 2.03 1.98 
I - i icrcpo,rosi ty  10.9 3 .2  13.3 3.5 
LlonTat ion ,  8 6 1  196 2 27 355 
P.node' P r o p e r  t i e s  
Amount' o f  Coke 

Caked a p p .  
u e n s i t y  1.39 1.44 1.43 1 .41  

P i n  Aggrega te  100 53.5 53.5 57.5 

o ,  ohm-in. .002r, .0025 .0025 .0032, 
I 

Z,iicroscopic examina t ion  Showed t h a t  g reen  de layed  pe t ro leum coke  1 

I n  o r e e n  coke  t h e  p o r e s  were f i l l e d ,  p robably  w i t h  a haruened  residuum 1 
f r o n  t h e  coke r  f e e d ,  which i i s t i l l e d  o f f  d u r i n g  c a l c i n a t i o n  anu ex- t 

( F i g u r e  2) iiad t h e  i n c i p i e n t  p o r e  s t r u c t u r e  of c a l c i n e d  coke  ' ( F i g u r e  3). 

[JosCC t h e  p o r e s  anci t y p i c a l  lamellar  s t r u c t u r e  of c a l c i n e d  coke .  

eacli had a d i s t i n c t i v e  m i c r o s t r u c t u r e .  Coke P ( F i g u r e  3) had t h e  
lar;,ellar anC pore s t r u c t u r e  t y p i c a l  o f  many delayeci cokes .  Coke V: 
( F i g u r e  4 )  naci i n  a u d i t i o n  a c h a r a c t e r i s t i c  mottleci  s t r u c t u r e .  Coke C: 
( F i g r e  5 )  cons is tec i  of f u s e d  s p h e r u l e s ,  each  hav ing  a n  o n i o n - l i k e  
s t r u c t u r e .  Each s p h e r u l e  had a microporous s u r f a c e  c o a t i n q .  

i n  t u r n  f r e q u e n t l y  b e i n 7  made up  o f  c l u s t e r s  of s m a l l  s p h e r u l e s  o f  
i s o t r o F i c  coke .  Some o f  t h e  l a r g e r  p a r t i c l e s  hac: t h e  o n i o n - l i k e  
s t r u c t u r e .  

Although cokes  P ,  C., a n a  F were made by t h e  delayeci coking  .p rocess ,  

The  f luic:  Coke F ( F i g u r e  6) c o n s i s t e d  o f  s p h e r i c a l  p a r t i c l e s ,  e a c h  

, D i s c u s s  i o n  I 

The wide ran9.e of  m i c r o s t r u c t u r e s  i n d i c a t e s  t h e  c i i f f i c u l t y  i n '  I 
t r y i n ?  t o  f i n l  a s i n n l e  c h a r a c t e r i z a t i o n  f a c t o r  f o r  cokes  i n  carbon 
anoLes. i'he w c i t a l i i i t y  t e s t ,  itov::cver , l a r g e l y  overcomes t h i s  ob- 
j e c t i o n  s i n c e  i t  i s  a F i r e c t  n p a s u r e  of how t h e  p o r e  s t r u c t u r e  a f f e c t s  
t h e  r e l a t i o n s h i p  between coke an6 !)inrler. For  exar.Fle,  tiie f l u i u  coke  

r 

\ 
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F,  w i t h  its l i m i t e d  amount o f  s u r f a c e  a c c e s s i b l e  po res  had poor w e t t -  
a b i l i t y  as  judged by e l o n c a t i o n .  Because of t h e  poor  bond between 
coke and b i n d e r ,  f l u i d  coke produced ano6es wi th  h igh  r e s i s t i v i t y .  
T h i s  poor bond i n  anodes was c l e a r l y  d i s c e r n i b l e  i n  t h e  microscope 
(F igu re  7 ) .  At tempts  were made . to  a l t e r  t h e  s u r f a c e  of Coke F t o  i m -  
prove t h e  bond w i t h  b i n d e r  p i t c h .  N e i t h e r  c r u s h i n g  t o  expose f r e s h  
s u r f a c e  nor  chemica l  e t c h i n g  wi th  oxygen was s u c c e s s f u l  (Table  3 ) .  

Table  3 

E f f e c t  of Treatment  o f  Coke F on P r o p e r t i e s  of 
Anodes Conta in ing  20% of Coke F 

Baked R e s i s t i v i t y  
Trea tment  App. Dens i ty  ohm-in. 
Un t rea t ed  1 . 4 1  .0029 
Crushed t o  -100 mesh 1 .40  .0030 
Oxidized a t  1050° t o  1.38 .0031  

6% w t  l o s s  

Th i s  was c o n s i s t e n t  w i t h  t h e  e x p l a n a t i o n  t h a t  po res  i n  t h e  aggrega te  
a c c e s s i b l e  t o  t h e  b i n d e r  are necessa ry  t o  produce a good bond. A f t e r  
coking  of t h e  b i n d e r ,  t h e  b i n d e r  coke and aggrega te  coke a r e  k e p t  from 
s e p a r a t i n g  by t h e  mechanica l  a c t i o n  o f  b i n d e r  coke formed w i t h i n  t h e  
pore  s y s t e m - o f  t h e  a g g r e g a t e .  Coke G formed an e x c e l l e n t  bond wi th  
t h e  b i n d e r  coke ( F i g u r e  E ) ,  p robably  because t h e  b i n d e r  w a s  a b l e  t o  
p e n e t r a t e  t h e  porous l a y e r  c h d r a c t e r i s t i c a l l y  on t h e  s u r f a c e  of t h i s  
coke (F igu re  4 ) .  

Because coke P had a h igh  w c t t a b i l i t y  by b i n d e r ,  t h e  g r e e n  mix 
r e q u i r e d  a h igh  p i t c h  c o n t e n t ,  and t h i s  may have been a f a c t o r  i n  t h e  
h i g h  r e s i s t i v i t y .  The l a r g e  po res  and l a m i n a t i o n s  i n  Coke P may a l s o  
have c o n t r i b u t e d  t o  t h e  h i g h  r e s i s t i v i t y  by p r e s e n t i n g  a t o r t u o u s  p a t h  
f o r  c u r r e n t  f low.  

The c a u s e  of d i f f e r e n c e s  i n  m i c r o s t r u c t u r e  of t h e  de l ayed  cokes  is 
n o t  known. S i n c e  a l l  were made by t h e  same p r o c e s s ,  o p e r a t i n g  
v a r i a b l e s  such as r e c y c l e  r a t i o  cou ld  be a f a c t o r .  The p resence  of 
n u c l e i  seems t o  f a v o r  i s o t r o p i c  coke. For example, n e e d l e  coke, a non- 
i s o t r o p i c  coke is made by a 2-s tep  p r o c e s s  i n  which t h e  mucle i  p r e s e n t  
i n  t h e  f e e d  s t o c k  are f i r s t  removed and t h e  need le  coke is prepared  
from t h e  c l a r i f i e d  f e e d  ( 8 ) .  Even more impor t an t  f o r  Coke G may be t h e  
chemica l  n a t u r e  o f  the f e e d  t o  the de layed  coke r .  I t  h a s  been re- 
p o r t e d  (9  , l o )  t h a t  h e t e r o c y c l i c  s t r u c t u r e s  t end  to  produce i s o t r o p i c  
cokes  and t h e  f e e d  f o r  Coke G had a r e l a t i v e l y  h i g h  n i t r o g e n  c o n t e n t .  

behav io r  i n  anodes of cokes  having a wide v a r i e t y  of m i c r o s t r u c t u r e s .  
Low w e t t a b i l i t y  i n d i c a t e s  a poor  bond may be  expec ted  between baked 
b i n d e r  and coke, and this w i l l  cause h igh  electrical r e s i s t i v i t y .  On 
t h e  o t h e r  extreme, h i g h  w e t t a b i l i t y  may i n d i c a t e  an ex t r eme ly  porous 
coke whose i n t e r i o r  pores u n f i l l e d  w i t h  b i n d e r  can  cause  h igh  e l e c t r i c a l  
r e s i s t i v i t y .  

For carbon manufac ture  t h e  w e t t a b i l i t y  test  can  be used t o  p r e d i c t  
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